Fifty Holstein cattle, either second to fourth generation daughters of cows randomly bred to non-commercial sires originating in the Virginia Tech dairy herd (estimated mean PDMsa = -455 kg, control animals), or daughters of cows bred to commercially available sires (mean PDM84 = +368 kg, selection animals), were randomly assigned to be milked twice or thrice daily starting at parturition. Serial blood samples were collected via jugular cannulae at 30, 90 and 200 d postpartum (DPP) during both the first and second lactations. Blood samples were collected for 3 h prior to and 4 h following thyrotropin releasing hormone (TRH) administration, and were analyzed for growth hormone (GH) and prolactin (PRL) concentrations. Dry matter intake, body weight and milk yield and fat content were used to calculate net energy balance (NEB) of animals at each DPP sampling period. Mean plasma GH concentrations were greater (P<.01) in selection vs control animals both before and after TRH administration, and decreased (P<.01) with advancing lactation (30>90>200 DPP). However, NEB was not influenced by genetic merit, implying that observed differences in GH concentrations were not due to that trait. Plasma PRL concentrations were not affected by genetic merit or DPP, but were greater (P<.01) in the second vs first lactation. Neither PRL or GH concentrations were affected by frequency of milking. The results support the contention that increased plasma GH concentrations are associated with selection for increased milk yield.
Introduction
Several studies have demonstrated that growth hormone (GH) administration to dairy cattle during lactation increases milk yield and feed efficiency (Asimov and Krouse, 1937; Hutton, 1957; Machlin, 1973; Peel et al., 1983) , likely in part by paritioning dietary energy toward milk production (Bauman and Currie, 1980; Hart, 1983) . Bines and Hart (1977) reported that GH was greater in dairy than beef cows, but later reported that no breed differences were found when cows were fed to the same weight gain (Hart, 1983) . Barnes et al. (1985) reported greater GH concentrations in dairy cattle of greater genetic merit for milk production. Thus, controversy exists as to whether increased Gh concentrations Present address: Dept. of Anim. and Range Sci., New Mexico State Univ., Las Cruces 88003.
~Send reprint requests to this author. 3 Dept. of Dairy Sci. Received July 1, 1985 . Accepted April 22, 1986 are associated with increased selection pressure for milk yield. Studies have demonstrated that increased frequency of milking results in increased milk yields (Goff and Gaunya, 1977; Pearson et al., 1979) . Linzell (1974) demonstrated that increased intramammary pressure associated with long milking intervals reduces both blood flow and milk production, but the issue of cause and effect between the two has yet to be resolved (Mepharn et al., 1984) . Nevertheless, some information indicates an endocrine involvement in regulating mammary blood flow (Hart et al., 1980; Mepham et al., 1984) . The objectives of the present study were to examine both basal concentrations and pituitary release of GH and prolactin (PRL) in response to thyrotropin releasing hormone (TRH) at different stages of lactation in dairy cattle of differing genetic merit milked twice or thrice daily. Hormone Assay. Plasma PRL concentrations were quantified using a double antibody radioimmunoassay (RIA) with bovine PRL antiserum, by the method of Barnes et al. (1985) . All samples were assayed in duplicate, and intra-and inter-assay coefficients of variation averaged 10.5 and 9.3%, respectively, in two plasma pools. Plasma GH concentrations were quantified using a double antibody RIA with bovine GH antiserum, by the method of Barnes et al. bBody weight differs by lactation and days postpartum (P<.O001).
Materials and Methods

Animals
CMilk yield differs by genetic merit, lactation and days postpartum (P<.05).
(1985). All samples were assayed in duplicate, and intra-and inter-assay coefficients of variation averaged 8.9 and 7.2%, respectively, in two plasma pools. Data Analysis. Hormonal data prior to (basal period) and after (response period) TRH administration were analyzed as a split-plot by the General Linear Models (GLM) procedure of the Statistical Analysis System (SAS, 1982) . The model accounted for genetic selection group, frequency of milking, stage of lactation, lactation number, period, all possible interactions, cow within genetic selection group x frequency of milking subclass and error. Additionally, the mean ambient temperature during the basal or response period was included as a covariate. The mean square for cow within genetic selection group • frequency was used to test for differences between genetic selection group, frequency of milking and the interaction between the two. The mean square for error was used to test all other effects. Mean daily feed intake, milk yield and NEB data at 30, 90 and 200 d postpartum were also analyzed by the GLM procedure of SAS (SAS, 1982) using a similar model.
Results
Mean plasma GH concentrations before and after TRH administration in selection and control animals at 30, 90 and 200 DPP during first and second lactations are depicted in figure 1. Because no differences (P>.05) in GH concentrations were found between 2x and 3x animals, classification of data according to frequency of milking is not shown. Least-squares means for GH concentrations during each period are depicted in table 3. Growth hormone concentrations were greater in selection vs control animals during both basal (6.7 vs 5.0 ng/ml, P<.01) and response (8.3 vs 6.6 ng/ml, P<.01) periods. Overall, TRH administration increased GH concentrations from 5.8 to 7.5 ng/ml. Further, GH concentrations decreased with advancing lactation (30>90>200 DPP) during the basal (7.1 vs 5.7 vs 4.7 ng/ml, P<.01) and response (9.0 vs 7.6 vs 5.7 ng/ml, P<.01) periods.
Mean plasma PRL concentrations before and after TRH administration are depicted in figure 2. No differences (P>.05) were found due to genetic selection group, frequency of milking or DPP. Overall, TRH administration increased (P<.01) PRL concentrations from 14.6 to 41.0 ng/ml, and mean concentrations were greater during the second vs first lactation (29.4 vs 26.2 ng/ml, P<.05). Inclusion of ambient temperature as a covariate in the statistical model indicated that PRL concentrations were different (P<.O001) due to that variable. Among all cows at all stages of either lactation, NEB was positively related to feed intake (r = .45, P<.001) and negatively related to daily milk yield (r = -.34, P<.O01). Further, daily feed intake and milk yield were correlated (r = .48, P<.001). The inclusion of ambient temperature in the statistical model indicated that daily yield was affected by temperature (P<.05).
Discussion
Plasma GH concentrations during the basal period were greater in selection vs control cows, indicating that greater plasma GH concentrations are characteristic of daughters of genetically superior sires. Bines and Hart (1977) reported that GH concentrations were greater in dairy than beef cows, lending credence to the suggestion that GH may be a physiological mediator of selection pressure. Hart (1983) cautioned, however, that differences in GH concentrations among cows of unequal genetic merit may not be a cause of, but actually a result of dissimilar energy balance between the two groups resulting from the greater milk production of the superior group. In the present study, however, NEB was not different between genetic selection groups, implying that observed differences in GH concentrations were not due to differences in NEB. Hart (1983) reported that GH concentrations were not different among cows of differing genetic merit when animals were fed to a similar weight gain. However, that situation could only be accomplished by restricting intake in the lowerproducing animals. Thus, while weight gains were similar, the two groups of animals were actually subjected to quite different situations, one group being fed ad libitum, while the other group would presumably have consumed more if given the opportunity. Two reports (Athanasiou and Phillips, 1978; Kazmer et al., 1985) have indicated that GH concentrations increase during feed restrictions; perhaps this phenomenon was responsible for increasing GH concentrations in the genetically inferior animals to equal those concentrations present in the genetically superior cows.
An important assumption inherent in this discussion is the possibility that digestibility, MR or requirement per unit of milk produced may be different among animals of differing genetic merit. If so, then the method used for estimating NEB would be at fault for ignoring these genetically based differences. However, as recently reviewed by Bauman et al. (1985) , little evidence exists which supports this suggestion. Several studies designed to investigate the possibility that digestibility and metabolic requirements for maintenance and milk production vary with genetic merit have failed to find meaningful differences (Bauman et al., 1985; Grainger et al., 1985) .
Mean plasma GH concentrations also decreased as lactation progressed. Banman and Currie (1980) suggested that alterations in GH concentrations as lactation progresses may be an example of homeorhesis, i.e., orchestrated alterations to meet the needs of a particular physiological state. Because GH is lipolytic and antilipogenic (Banman and Currie, 1980; Hart, 1983) , the purpose of increased GH concentrations during early lactation likely act to partition nutrients to support maximum milk production. Bauman and Currie (1980) estimated that one-third of the energy required for milk production during the first 15 wk of lactation is derived from adipose tissue. During later lactation, GH concentrations are decreased, allowing for the accumulation of adipose tissue for the next lactation. It is interesting that dairy character, which is characterized by the relative lack of thick subcutaneous adipose deposits, is the only conformation-type variable strongly correlated with milk yield (White, 1974) . Further, dairy character and milk yield are equally heritable (h 2 = .25).
Mean plasma PRL concentrations during the basal period were not different due to any independent variable except lactation. This was not due to differences in ambient temperature at the time of sample collection, as the inclusion of temperature as a covariate in the statistical model accounted for effects of temperature. Thus, the cause of observed differences is presently obscure, but may be related to a postulated role for prolactin in metabolic regulation. Several studies have demonstrated that plasma PRL concentrations increase post-prandially but decrease during periods of feed restriction (McAtee and Trenkle, 1971; Peters et al., 1981; Serjsen et al., 1983; Kazmer et al., 1985) . The increased PRL concentrations, then, may be related to feed intake because it was greater during the second lactation; thus the present data support the suggestion that PRL may have a role in endocrine regulation of metabolism.
Administration of TRH was effective in increasing both GH and PRL concentrations, as reported previously (Convey et al., 1973; Vines et al., 1977) . Plasma GH responses to TRH differed due to genetic merit and stage of lactation, in a manner similar to basal GH concentrations. Therefore, the pituitaries of selection animals were capable not only of maintaining greater basal concentrations of GH, but also were capable of secreting greater concentrations of GH in response to TRH administration. Thus, it seems that research aimed at investigating mechanisms that regulate endogenous release of GH has the potential to lead to improved efficiency of milk production in dairy cattle. That TRH-induced PRL release was not affected by stage of lactation agrees with the report of Peters et al. (1981) , but not with that of Perera et al. (1985) , in which PRL response to TRH was affected by stage of lactation and season.
No differences in hormone concentrations were found between cows milked 3• and 2• although milk production over the entire lactation was greater in 3• than 2x cows (unpublished data), agreeing with previous reports (Golf and Gaunya, 1977; Pearson et al., 1979) . Thus, it does not appear that hormonal differences regulate the increase in milk yield that is associated with increased milking frequency.
In summary, the results of the present study strongly support the suggestion that increased GH concentrations, but not PRL, may be a physiological mediator of selection pressure for increased milk yield in dairy cattle because GH concentrations were greater in selection than in control cows both before and after TRH.
